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Comments on Machines f o r  the  Energy Range 2 Bev to  10  Rev 
Se'veral p o s s i b i l i t i e s  f o r  acce le ra to rs  i n  the 2- t o  10-Bev 
range have been examined by members of the  summer conference 
following the suggestion of the National Science Foundationl s 
committee t h a t  high cur ren t  acce le ra to rs  a r e  needed i n  this 
energy range, 
The question of choice of p a r t i c l e ,  u t i l i z a t i o n  and 
deei rable  energy were examined by R. G. Sachs ( R G s ( H I I T I A ) - ~ ) ,  "on 
the  Application of Very High Energy I~lachinea." Among other  
th ings  t h i s  valuable discussion g ives  the  c ross  sec t ions  t o  be 
P 
expected and shows t h a t  e lec t ron acce l e r a to r s  w i l l  g ive about 
1000 times fewer in teres t i i ig  p a r t i c l e s  than proton accelora tors  
of the same current .  Even i f  the secondary pion beam from a  
proton acce le ra to r  is  used t o  produce tho interesting pa r t i c l ea ,  
the proton a c c e l e r a t o r f s  pion beam w i l l  rake 10 t o  100 times 
more of these p a r t i c l e s  than tile piloton beam of the e lec t ron  
accelera tor  can. In addi t ion ,  a  photon beam s t r i k i n g  a  t a rge t  
w i l l  give about 500 to  lOClO times nore electromagnetic background 
than w i l l  t h e  proton o r  pion beam. T h i s  background i s  inev i tab le ,  
since i t  comes from the  experiinent performed and not  from the  
accelerator .  
Although the  value of an e lec t ron  acce le ra to r  f o r  study of 
strange p a r t i c l e s  seems l e s s  than t h a t  of a proton accelera tor ,  
r 
some questiona of the  e f f e c t s  of electromagnetic o r b i t a l  
r ad ia t ion  during accelera t ion a r e  being looked a t  by Vogt-Nilsen, 
who i s  v i s i t i n g  us. 
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The n! t ract iveness  of a  l i n e a r  proton a c c e i e r a t c r  or 
about 2 3 e v  a s  a  h i &  c u r r e n t  sc!u?ce of K-:nesons from an 
e x t e r n a l  2nd e a s i l y  a c c e s s i b l e  t ,arget l e d  us t o  see  what such 
an a c c e l e r a t o r  was l i k e .  For  s i l o r t - l i ved  s t r a n c e  particles t i t 1  
e x t e r n a l  sourco c l o s e  t o  t h e  exper imenta l  equipment i s  d e s i r a b l e .  
The B r i t i s h  a r e  planning t o  c o n s t r u c t  such an a c c e l e r a t o r  l'or 
600 Mev with  c u r r e n t s  of  1 microamp t o  10  microamps (OTJRL-42-sj) 
and ( A Z R E  G / M  151). L. 'd. Jones took t h e  B r i t i s h  parerneters 
and in format ion  from Johnston on H.F. systems t o  e s t i r m t e  t h e  
s i z e s  and c o s t s  of such an a c c e l e r a t o r .  The cotlt came o u t  between 
20 , n i l l i o n  do1lar.s and 38 m i l l i o n  d o l l a r s ,  whi le  s c a l i n g  t n e  
i iarwell  c o s t  gave 1 6 , j  mi l l io i l  d o l l a r s .  I n  a d d i t i o n  t o  t h i s  
g r e a t  c o s t ,  t h e  aa in t enance  on l a r g e  R.F. t ubes  a lone  would cause 
continuous o p e r a t i o n  i n t e r r u p t i o n  m d  would cos t  about 3 m i l l i o n  
d o l l a r s  pe r  year .  Perhnps one shou1.d cons ide r  u s i ! ~ , ~  a  cosrnotron 
of 3rookhaven's  s i z e  f o r  t h i s  energy range ,  a l though  the  
p re sen t  average c u r r e n t  from t h e  cosao t ron  i s  about 100C.tl.mes 
l e s s  than t h a t  which x i g h t  come from. a l i n e a r  a c c e l e r a t o r ,  
The p o s s i b i l i t y  of i n c r e a s i n g  t h e  ou tpu t  of  t he  cosrmtron by 
an o rde r  of' nagriitude by inproved i n j e c t i o n  i s  being s tud ied  a t  
Brookhaven and the  p o s s i l ~ i l i t y  of' increasi r ly  y i e l d  by r a i s i n g  
t h e  r e p e t i t i o n  r a t e  an o rde r  of  m g A i i t u d e  i:~ a  rzedesi.gned machilie 
always e x i s t s .  The p re sen t  cosrnotron i s  about an order  of 
!nagnitude from tho space charge limit o f  t h e  m g n e t .  
The ricxt q u e s t i o n  cons idered  was whether o r  riot a  s t r o n g  
focuss ing  6-3ev proton a c c e l e r a t o r  should be made, i n  d l s c u s s i n g  
t h i s  ques t ion  t h e  i n t e n t  t o  use the  a c c e l e r a t o r  a s  a  b a s i s  f o r  a  
re@.onnl midwestern h i g h  energy labori i . .ory must be considered.  
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One m l ~ h t  t a k e  t h e  p o s i t i o n  t h a t  t h e  y i e l d  from a  6-Cev 
a c c e l e r a t o r  must be a t  l e a s t  a s  g r e a t  a s  t h a t  f ro : l  the  6-Bev 
Eerkeley convent ional  bevatron if' t he  exper imental  work i s  t o  be 
do;le i n  t he  midwest. Although t h e  bevatron ou tpu t  i s  :low o r d e r s  
of m a ~ n i t u d e  below t h e  space charge l i m i t  of the magnet, the  
Brookhaveil cos~notron Is  wi th in  a  f a c t o r  of 50 of i t s  magnet ' s  
space charge l i m i t ,  Th i s  nay mean t h a t  I n  t ime,  a s  i n j e c t i o n  
c u r r e n t s  a r e  r a i s e d ,  these  llrnits nay be n e a r l y  a t t a i n e d .  The 
est i!nates of 17. T.  Cole on t h i s  problem show t h a t  the l i m i t  of 
c i r c u l a t i n g  c u r r e n t  a t  i n j e c t i o n  i n t o  t ' la cosifloLron i s  about  
.75 anperos  f o r  a  clianpe of 0.2 I n  n. Since the  c o s ~ o t r o n  
i n j e c t s  about 6  t u r n s  around the  nach ine ,  an  i n j e c t i o n  c u r r e n t  
of at l e a s t  .125 amps i s  needed frail the  Van do Graaff .  This  
i.s obout SO t i t l e s  more tliart now c o l e s  ou t  of  t he  V a l  de  Graaf f ,  
so t he  need f o r  im~rovement  i s  ev iden t .  The bevatron could  
hold  about 2.3 amps a t  t he  i n j e c t i o n  v e l o c i t y ,  so I t  i s  ev iden t  
t h a t  a  c u r r e n t  of  the o rde r  o i  a h a l f  an ampere i s  :leedad f o r  
i n j e c t i o n  t o  tlie li l i t .  Cole r"lnds t h a t  a  6-Bev s t rong  focuss ing  
cons t an t  g r a d i e n t  :laciill?e wi th  t h e  saxe space ci iarge l i . i l i t  a s  
tlie bevatroll  and w i t h  t i l t !  sane i ~ l j e c t i o n  energy has a  .nagnet 
zap about 83% of t h e  bevatron gap length .  Thus t h e  ma;nat i s  
no t  g o i n g  t o  be nuch s~na l l e r .  .for an a l t e i m a ~ i ~ ~ g  g r a 6 i e n t  
synchrotron i f  an  a t tempt  i s  xade t o  .!natcl~ the  space cll?~-ge 
li:.lit pe r  pulse.  The A,;. rn:'.; n e t  would have an i l  of 35 and 
18 s e c t o r s .  
Tho p o i n t  of t h i s  comparisorl i s  t o  simow t h a t  tlwre i s  
doubt t h a t  a  s t ronc  focuss ing  , l ach ine  would be b e t t e r  t o  b u i l d  
t'ian a  r e v i s e d  bevatron a t  6 Rev. This  s i t u a t i o n  i s  changed 
.!r ~~~e ;,:>y tiic.t t n e r c  i s  l i t t l o  i l x e l i h o o d  ';l:rt s ~ i c i .  !)i;,h 
l i i j e c t i o n  cu r r ex l t s  i ~ i l l  e v e r  b e  a c h i e v e d ,  Then one  couii ;   US^: 
a  :nlc:~ s m i i l l ( ; r  c o n v c n t i o n a i  i l a ~ ; n e t  orf s t r o n g  f o c : i s s i ~ i x  . m ~ r i e t  
t o  hq!lal t l i e  a e v u t r o n ~ s  e v e n t u a l  y i e l . 3 .  2rlii could a l s c j  I ' L L ~ S ~  
t h e  r a p s t i t l a r .  r a z e  t o  g a i : i  yielc! b u t  k t  would l o s c  t t c a u s t :  of 
o!;ly one  t u r a  i n j e c t i o r l  i ; i to  iklese  s , n a l l c r  na,r!ct 3. I{<.gll 
r a p e t i t i o n  r z t a  j i i t h  a s?lal l  i,!agnet has i h s  a6v:ui:ai;e c h a t  r l>e  
i ~ i j ~ c t o i '  c ~ l r r e n t  need  .ioL be inpi-ovod much t o  a > I i , s ~ a c h  t,llc 
3puce c t i c rge  i i n i t .  The A.  C. .lac!-l!iie m y  i i l - o  bo ? o r e  
t : t vo rab lo  i f '  we cr:r i  succoed  i n  loiLrniri[ ;  !;ow t c  u s e  non- l lne<z r  
13eptor=tr^lc f a r c e 3  s i n c e  t h e n  much [SreaLer sj?nce charge  d!.stort,i.on 
- o f  .l c z : ~  o c c i ~ r  w i t h o u t  causirl:: r e s o n a n t  bloir-up. T'ne 3ituzt;:ior. 
i.; s ~ ~ c i l  tb.a:; t h e r e  i s  a ;-,70d l i k c l i h o o u  ti!;: u  5-i!~v 9:;:'cjng 
Lt would be uni';:,t~inuL;: t o  be a t  6 Lc-J i f  nuc1a:)li a n t i - : ~ u c l o o ! i  
p i i i r s  c a n  b e  cr..:atod becaus t :  t i le  tl,ri:sriold i s  5.7 :iev. I t  :nay 
t e  t h a t  10 Lie!. i s  st111 toci c 1 0 . 1 ~  t o  Li?reshold  i;~) :ive n.1~11 y i e l d .  
i-Iowevar, 11' :lucl.eoll p t j i r s  : i r e  ~ ~ ) : : s i b l ' i ,  t:le ca:e f o r  10 i32v 
n!iou~il be 3tro:lo i ~ i  1t1.t: l i . ~ c i s  <)f t tL i ;  p h y l ~ c l s t : ,  w ! ! i l d  t . i l ~  c a s e  
,'or, Tiev i+odl\+. bt; weak ti: t r l n  ~ I ~ Y s ~ c L s ~ ~  iii!t .;i:'r:i.:;: t o  t h o  
b u d g e t  a u t l i o r l  t i e s .  The a c c o  z p a i ~ j i l n ~ ,  :t : ? ~ ~ , t  7 110k:: t,t:o 
c h a r a c t e r i s t i c s  o f  n 15 p u l s e / s e c  10-Uev p:.oton f l c c e l e r a t o r  
